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DESCRIPTION 

pTOT.nnTrAT. TISSUE ELASTICITY MEASUREMENT METHOD AND 
ULTRASONOGRAPHIC APPARATUS 

Technical Field 
The present invention relates to a biological tissue 
elasticity measurement method and ultrasonographic apparatus , 
and, in particular, to a measurement method and 
ultrasonographic apparatus for acquiring a high quality 
elasticity image such as an elasticity ratio and an 
elasticity distortion of the biological tissue of a patient 
and a high quality form image of the biological tissue. 

Background Art 

An ultrasonographic apparatus irradiates an ultrasonic 
wave to the patient by using an ultrasonic probe, measures 
the acoustic characteristic of a biological tissue within 
the patient by using the reflection echo signal, re- 
constructs a form image (such as a B-mode image and an M- 
mode image) of the biological tissue, for example, based on 
a difference or change in acoustic characteristic of an 
arbitrary area of the patient and displays the form image on 
a screen for a diagnosis. 

Recently, it has been proposed that the 



ultrasonographic apparatus is used to measure elasticity 
information including either elasticity ratio or elasticity 
distortion, for example, of a biological tissue of a part to 
be diagnosed and display it as an elasticity ratio image or 
5 elasticity distortion image (each of which will be generally 
called elasticity image, hereinafter) (in Japanese 
Unexamined Patent Application Publication No. JP/P2000- 
60853A, for example). According to this, the form image of 
the biological tissue of the patient and the elasticity 

10 image such as the elasticity ratio and elasticity distortion, 
for example, are acquired simultaneously or alternately, and 
the form image and the elasticity image are displayed in 
line or one over another on one screen. 

However, the ultrasonographic apparatus disclosed in 

15 the publication does not consider a measurement method for 
acquiring both high quality form and elasticity images. 

Disclosure of Invention 
An ultrasonographic apparatus of the present invention 
20 includes an ultrasonic probe for transmitting/receiving an 
ultrasonic wave to/from a patient, a unit for generating an 
ultrasonic transmission signal and transmitting it to the 
ultrasonic probe, a unit for performing reception processing 
on a reflection echo signal received by the ultrasonic probe, 
25 a unit for re-constructing a form image according to the 
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reception signal processed by the reception processing unit, 
a unit for re-constructing an elasticity image according to 
the reception signal processed by the reception processing 
unit, a unit for displaying the form image and the 
5 elasticity image, a unit for switching between the form 
image mode and the elasticity image mode, and a unit for 
performing control so as to selectively acquire the form 
image and the elasticity image in the measurement period of 
the elasticity image mode switched by the mode switching 
10 unit. 

Thus, both of high quality form and elasticity images 
can be acquired since, according to the present invention, 
the unit is provided for performing control so as to 
selectively acquire the form image and the elasticity image 

15 in the measurement period of the elasticity image mode 
switched by the mode switching unit, that is, in the 
measurement period of the elasticity diagnosis mode. 

In this case, an ultrasonic transmission signal is 
applied which has an amplitude, wave number or frequency 

20 preferable for each of the form image measurement and the 

elasticity image measurement as the ultrasonic transmission 
signal for each of the measurement. More specifically, 
there may be provided a first transmission signal generating 
unit for generating an ultrasonic transmission signal for 

2 5 the form image, and a second transmission signal generating 
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unit for generating an ultrasonic transmission signal for 
the elasticity image having at least one ultrasonic wave 
among an ultrasonic wave having a larger amplitude, an 
ultrasonic wave having a larger wave number and an 
5 ultrasonic wave having a lower frequency than those of the 
ultrasonic transmission signal for the form image. As a 
result, the image quality of the form image such as a B-mode 
image and the quality of the elasticity image such as an 
elasticity ratio and an elasticity distortion can be 
10 improved, and images suitable for both of the diagnoses can 
be provided. 

The control unit may switch between the form image re- 
construction unit and the elasticity image re-construction 
unit according to the selection of the form image or the 

15 elasticity image. Also, the control unit may switch between 
the first transmission signal generating unit and the second 
transmission signal generating unit. 

The reception processing unit may have a first 
reception processing unit for the form image for performing 

20 processing with a dynamic filter having a filter 

characteristic dependent on the depth of the reflection echo 
signal, and a second reception processing unit for the 
elasticity image for performing processing with a filter 
having a constant filter characteristic independent of the 

25 depth of the reflection echo signal. In this case, the 



control unit may switch between the first reception 
processing unit and the second reception processing unit 
according to the selection of the form image or the 
elasticity image. 
5 The control unit can perform the switching for each 

frame of each image or for each ultrasonic beam to be 
irradiated to a patient according to the selection of the 
form image or the elasticity image. For example, when a 
focus area of elasticity image measurement is defined, the 

10 control unit may switch the control for each ultrasonic beam 
to be irradiated to the patient and cause the ultrasonic 
beam to scan. In this case, the elasticity image re- 
construction unit may re-construct the elasticity image of 
the focus area and display it over the form image on a 

15 display unit. The display unit can be configured to 
selectively display one image of a form image and an 
elasticity image, an image having both of them one over 
another, and an image having both of them in line. 

A method for measuring an elasticity of a biological 

20 tissue of the present invention includes the steps of 
generating an ultrasonic transmission signal and 
transmitting it to an ultrasonic probe, performing reception 
processing on a reflection echo signal received by the 
ultrasonic probe, re-constructing at least one of a form 

25 image and an elasticity image according to the reception 
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signal having undergone the reception processing, displaying 
at least one of the form image and the elasticity image, 
switching between a form image mode and an elasticity image 
mode, and controlling so as to selectively acquire the form 
5 image and the elasticity image in the measurement period of 
the elasticity image mode switched by the step. 



Brief Description of the Drawings 
Fig. 1 is a block construction diagram of an embodiment 
10 of an ultrasonographic apparatus of the present invention. 

Fig. 2 is a diagram showing a relationship between the 
ultrasonographic apparatus of the present invention and a 
patient . 

Figs. 3 to 5 are diagrams showing an operation of a 
15 first embodiment of the present invention. 

Figs. 6 to 9 are diagrams for explaining an operation 
of a second embodiment of the present invention. 



Best Mode for Carrying Out the Invention 
20 Embodiments of the present invention will be described 

below with reference to attached drawings. Fig. 1 is a 
block construction diagram of one embodiment of an 
ultrasonographic apparatus of the present invention. In Fig. 
1, the thick line indicates a flow of an ultrasonic 
25 transmission/reception signal, and the thin line indicates a 



flow of a control signal. Fig. 2 is a diagram showing a 
relationship between the ultrasonographic apparatus 
according to this embodiment and a patient. As shown in Fig. 
2, a patient 20 is laid on a bed 21, and measurement is 
5 performed thereon by using an ultrasonic probe 1 in contact 
with the body surface of the patient 20. In order to 
measure an elasticity image, an organ, for example, of the 
patient 20 can be pressed by the ultrasonic probe 1. The 
ultrasonic probe 1 and the ultrasonographic apparatus 10 are 

10 connected via a probe cable. A form image 7a and an 
elasticity image 7b, for example, are displayed 
simultaneously on an image display device 7 of the 
ultrasonographic apparatus 10. 

The ultrasonographic apparatus 10 includes a 

15 transmission circuit system 2 and reception circuit system 3 
connected to the ultrasonic probe 1 and a form image re- 
construction section 4 and elasticity image re-construction 
section 5, to which a reception signal output from the 
reception circuit system 3 is transmitted. Data of form and 

20 elasticity images re-constructed by the form image re- 
construction section 4 and elasticity image re-construction 
section 5 are input to a display superimposing section 6. 
Image data formed by the display superimposing section 6 is 
input to the image display device 7 and is displayed on the 

25 display screen. A measurement control section 9 is 
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configured to control the transmission circuit system 2, 
reception circuit system 3, form image re-construction 
section 4, elasticity image re-construction section 5 and 
display superimposing section 6 based on a command input 
5 from a switch 8 provided in the ultrasonic probe 1 . 

The ultrasonic probe 1 transmits /receives an ultrasonic 
wave to/from a measurement target part of the patient 20. 
In other words, the ultrasonic probe 1 has multiple 
transducers, which are aligned one-dimensionally or two- 

10 dimensionally , and has functions of transmitting an 
ultrasonic wave to the inside of the patient 20 and 
receiving an ultrasonic reflection echo wave from the inside 
of the patient 20. 

The transmission circuit system 2 is a transmission 

15 unit for transmitting an ultrasonic signal having undergone 
transmission focus processing for giving a different delay 
time to each channel in driving the multiple transducers 
included in the ultrasonic probe 1 and transmitting 
ultrasonic waves to multiple channels. In the transmission 

20 circuit system 2, an optimum transmission focus processing 
for each of them according to a form image or an elasticity 
image can be switched in accordance with timing defined by 
the measurement control section 9, which will be described 
later. In particular, the transmission circuit system 2 has 

25 a transmission signal generating unit for generating an 
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ultrasonic transmission signal for a form image and a 
transmission signal generating unit for generating an 
ultrasonic transmission signal for an elasticity image 
having at least one ultrasonic wave of ultrasonic waves 
5 having a larger amplitude, a higher wave number and a lower 
frequency than those of an ultrasonic transmission signal 
for a form image. The transmission signal generating units 
for form and elasticity images are switched for use based on 
a command from the measurement control section 9 . 

10 The reception circuit system 3 is a reception 

processing unit for performing processing for receiving a 
reflection echo signal output from the ultrasonic probe 1 , 
and performs amplification processing and filtering 
processing and includes a phasing unit for performing 

15 reception focus processing. As well known, the reception 
focus processing captures reflection echo signals of 
multiple channels received by the multiple transducers of 
the ultrasonic probe 1 and gives a different delay time to 
each of the channels to perform the reception focus 

20 processing, that is, phasing processing. Especially, in the 
reception circuit system 3 according to this embodiment, 
switching to optimum reception focus processing for each of 
them according to a form image or an elasticity image can be 
performed in accordance with timing defined by the 

25 measurement control section 9, which will be described later. 
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In particular, the reception circuit system 3 has a 
reception processing unit for a form image for performing 
processing by using a dynamic filter having a filter 
characteristic dependent on the depth of a reflection echo 
5 signal and a reception processing unit for an elasticity 
image for performing processing by using a filter having a 
constant filter characteristic independent of the depth of a 
reflection echo signal. The reception processing units for 
form and elasticity images are switched for use based on a 

10 command from the measurement control portion 9, 

The form image re-construction section 4 performs 
various kinds of computing processing on a reception signal 
output from the reception circuit system 3 and creates and 
outputs a form image to the display superimposing section 6. 

15 In other words, the form image-reconstruction section 4 re- 
constructs a form image such as a B-mode image based on a 
reception signal output from the reception circuit system 3. 
According to this embodiment, a form image is re-constructed 
by using an output from the reception circuit system 3 

20 within a form image acquirement period defined by the 

measurement control section 9, which will be described later. 

The elasticity image re-construction section 5 performs 
various kinds of computing processing on a reception signal 
output from the reception circuit system 3 and creates and 

25 outputs an elasticity image to the display superimposing 



section 6, In other words, the elasticity image re- 
construction section 5 stores a reception signal output from 
the reception circuit system 4 in a frame memory, for 
example, performs correlation processing on two reception 
signals received after a time interval and obtains an amount 
of displacement of a biological tissue. An elasticity ratio 
or elasticity distortion of each part is obtained by 
performing differentiation on the obtained amount of 
displacement, and an elasticity image thereof is re- 
constructed. The obtained elasticity image is displayed on 
the image display device 7 through the display superimposing 
section 6. In this embodiment, an elasticity image is re- 
constructed by using an output from the reception circuit 
system 3 within an elasticity image acquirement period 
defined by the measurement control section 9, which will be 
described later. 

The display superimposing section 6 processes image 
such that outputs from the form image re-construction 
section 4 and the elasticity image re-construction section 5 
can be displayed one over another or selectively or 
separately and be output to the image display device 7 to 
display. In particular, in this embodiment, the methods for 
displaying on the image display device 7 are switched based 
on a command from the measurement control section 9 . The 
image display device 7 includes a general CRT monitor, for 



example . 

The measurement control section 9 is configured to 
control each of the implementation of elasticity image 
measurement for acquiring an elasticity image and the 
5 implementation of form image measurement for acquiring a 

form image. In other words, the measurement control section 
9 switches between the elasticity image measurement and the 
form image measurement based on start and end commands for 
the elasticity diagnosis mode, which are input from the 

10 switch 8 associated with the ultrasonic probe 1. The 

switching is performed by controlling operations of the 
transmission circuit system 2, reception circuit system 3, 
form image re-construction section 4, elasticity image re- 
construction section 5 and display superimposing section 6. 

15 A human interface device such as a switch provided in the 

ultrasonographic apparatus 10 in Fig. 2, a foot switch, not 
shown, and a key board may be used instead of the switch 8, 
or together with the switch 8 . 

Here, the first embodiment relating to control of the 

20 elasticity diagnosis mode to be performed by the measurement 
control section 9 will be described with reference to Figs . 
3 to 5 . When an operator presses and turns on the switch 8 
associated with the ultrasonic probe 1 in order to start an 
elasticity diagnosis, this is input to the measurement 

25 control section 9 as an elasticity diagnosis mode start 



command. When the switch 8 is released and turned off, this 
is input to the measurement control section 9 as an 
elasticity diagnosis mode end command. Based on this, the 
measurement control section 9 controls the starting and 
5 ending of the elasticity diagnosis mode for performing a 

compound measurement of the elasticity image measurement and 
the form image measurement. On the other hand, in the 
elasticity diagnosis mode, the operator must perform an 
operation for pressing the ultrasonic probe 1 against the 

10 patient when the switch 8 associated with the ultrasonic 

probe 1 is turned on. Conversely, when the ultrasonic probe 
1 is pressed against the patient in advance, the operator 
must perform an operation of lifting the ultrasonic probe 1 
when the switch 8 is turned on. While the case that the 

15 operator directly performs the pressing of the ultrasonic 
probe 1 will be described here, the ultrasonic probe 1 may 
be mechanically pressed or lifted. In this case, the 
ultrasonic probe 1 may be pressed against the patient or the 
ultrasonic probe 1 pressed against the patient in advance 

20 may be lifted by using a machine for pressing down the 

ultrasonic probe 1 though the additionally prepared human 
interface device such as the switch 8. Furthermore, the 
starting and ending of the elasticity diagnosis mode may be 
controlled. 

2 5 When the elasticity diagnosis mode start command is 
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input, the measurement control section 9 controls the 
switching of the components to selectively measure the form 
image and the elasticity image until the end command is 
input, that is, in the period of the elasticity diagnosis 
5 mode. For example, as shown in Fig. 3, a sector measurement 
area (region of interesting) of the elasticity image 33 is 
defined in a sector measurement area of the form image 32 
here. In the figure, B- start and B-end indicate a scanning 
start position of the form image measurement and scanning 

10 end position of the form image measurement, respectively. 
The scanning with an ultrasonic beam is performed in the 
direction indicated by the shown arrow 31. S-start and S- 
end indicates a scanning start position of the elasticity 
image measurement and scanning end position of the 

15 elasticity image measurement, respectively. In the figure, 
B corresponds to the form image measurement, and S 
corresponds to the elasticity image measurement. 

A timing chart for an operation of the measurement 
control section 9 for acquiring an image as shown in Fig. 3 

20 is shown in Fig. 4. In the figure, changes in operational 
states of the "switch (8)", "ultrasonic scanning position", 
"transmission/reception sequence" , "ultrasonic transmission 
wave number(s)" and "reception of ultrasonic waves" are 
shown in order from the top of the figure. The horizontal 

2 5 axis indicates the number of times of scanning; B 
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corresponds to the form image measurement; S corresponds to 
the elasticity image measurement; and the subscripts s and e 
indicate the start and the end, respectively. 

When the operator presses and turns on the switch 8 of 
5 the ultrasonic probe 1, the measurement control portion 9 
starts measurement control of the elasticity diagnosis mode 
based on the timing chart in Fig. 4 and a flowchart shown in 
Fig. 5. In this embodiment, the transmission/reception 
sequence B of the form image measurement and the 

10 transmission/reception sequence S of the elasticity image 
measurement are switched and implemented by following 
predefined steps for each image frame, for example, in the 
period of the elasticity diagnosis mode when the switch 8 is 
kept on. In other words, each of the scanning from B-start 

15 to B-end and the scanning from S-start to S-end is handled 
as a unit for switching and implementation. In the shown 
example, after the form image measurement B is performed for 
one frame, the elasticity image measurement S is implemented 
for one frame. Then, after the form image measurement B is 

20 implemented for two frames, the elasticity image measurement 
S is implemented for one frame. However, the present 
invention is not limited to the ratio of the repetition in 
Fig. 4. 

The measurement control section 9 switches and controls 
25 the transmission circuit system 2, the reception circuit 
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system 3, the form image re-construction section 4, the 
elasticity image re-construction section 5 and the display 
superimposing section 6 based on the timing chart. First of 
all, when the elasticity diagnosis mode is started, the 
5 position of a predefined focus area for measuring the 
elasticity image 33 is captured. Then, the starting 
position (S-start) and ending position (S-end) of the 
elasticity image measurement are defined for the focus area. 
Next, the scanning for the form image measurement is started 

10 based on the timing chart in Fig. 4. At that time, a 

command for switching to an ultrasonic transmission signal 
(one-wave transmission in the example in Fig. 4) suitable 
for the form image measurement is output to the transmission 
circuit system 2. Moreover, a command for switching to 

15 reception processing with the dynamic filter is output to 
the reception circuit system 3, and a command for re- 
constructing the form image based on an input reception 
signal is output to the form image re-construction section 4. 
Thus, when the scanning of the form image measurement 

20 completes once, the processing is switched to the elasticity 
image measurement. The switching outputs a command for 
switching to an ultrasonic transmission signal (two-wave 
transmission in the example in Fig. 4) suitable for the 
elasticity image measurement to the transmission circuit 

25 system 2. Furthermore, a command for switching to reception 



- 17 - 



processing with the fixed filter is output to the reception 
circuit system 3, and a command for re-constructing an 
elasticity image based on an input reception signal is 
output to the elasticity image re-construction section 5. 
5 However, the actual scanning for the elasticity image 

measurement is performed during the period from the S-start 
to S-end in Fig. 3. Thus, as shown in Fig. 4, the 
transmission/reception sequence is selected and implemented 
in order of B-S-B-B-S-B-B . . . . The elasticity image re- 

10 construction section 5 obtains an amount of displacement of 
a biological tissue by performing correlation processing on 
two reception signals having a time interval, which are 
obtained by the second and fifth scanning in Fig. 4, obtains 
an elasticity ratio or elasticity distortion based on the 

15 obtained amount of displacement and re-constructs the 

elasticity image. In this way, since the scanning of the 
form image measurement is performed twice during two 
measurement scans required for the elasticity image 
measurement, the amount of displacement of a biological 

20 tissue increases during the period. Therefore, the 

precision of measurement of an elasticity ratio or the like 
can be enhanced. 

On the other hand, the measurement control portion 9 
controls the display super imposing circuit 6 to cause the 

25 image display device 7 to selectively display the form image 
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and the elasticity image newly created by the form image re- 
construction section 4 and the elasticity image re- 
construction section 5, A frame memory for storing a re- 
constructed image is provided in each of the form image re- 
5 construction section 4 and the elasticity image re- 
construction section 5. In order to perform the display 
control over the form image and the elasticity image, the 
measurement control section 9 does not input a reception 
signal for the elasticity image, which has undergone phasing 

10 processing in the reception circuit system 3, to the form 
image re-construction section 4 during the period for 
acquiring the elasticity image data but controls outputs to 
cause the image display device 7 to display the form image 
using the form image data, which is previously acquired and 

15 stored in the frame memory, during the period. The 

elasticity image re-construction section 5 is commanded not 
to capture a reception signal for a form image, which has 
undergone phasing processing in the reception circuit system 
3 during the period for acquiring the form image data, and 

20 outputs are controlled to cause the image display device 7 
to display the elasticity image using the elasticity image 
data, which is previously obtained and stored in the frame 
memory, during the period. Thus, in the form image 
measurement and elasticity image measurement, optimum 

25 transmission and reception processing for each of them is 
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performed. Then, when the switch 8 is turned off, the 
measurement for the elasticity diagnosis mode ends. Notably, 
until the switch 8 is turned on again, control can be 
performed to repeat the form image measurement and display 
5 the latest form image on the image display device 7 and to 
display a previously acquired elasticity image on the image 
display device 7 as the elasticity image. 

The control operation by the measurement control 
section 9 for implementing measurement control shown in the 

10 timing chart in Fig. 4 will be described by using the 
flowchart shown in Fig. 5. First of all, in step S51, 
whether the ultrasonic scanning is to be ended or not is 
determined. If not (No), the processing moves to step S52. 
If so (yes), ultrasonic scanning processing ends immediately. 

15 In step S52, whether the current period is the period 

for elasticity image measurement, that is, for the 
elasticity image measurement S or not is determined. If yes, 
the processing moves to step S58. If no, the processing 
moves to step S53. B-start is stored in the form image 

20 acquirement position register in step S53 in order to start 
the acquirement of the form image since it is determined in 
previous step S52 that the current period is not the period 
for the elasticity image measurement S. In step S54, 
whether the value of the form image acquirement position 

2 5 register is B-end, that is, the final form image acquirement 



position or not is determined. If the determination results 
in yes, the processing moves to step S57 where the 
acquirement of the form image data ends. Then, the 
processing returns to step S51. If the determination 
5 results in no, the processing moves to step S55. In step 
S5 5, the value of the form image acquirement position 
resister is incremented by 1 . In other words, the 
ultrasonic beam line address is shifted by one in the 
direction of scanning. In step S56, one-wave transmission, 

10 for example, is performed thereon with an ultrasonic 
transmission signal for the form image measurement. 
Furthermore, reception signal processing by using a dynamic 
filter is performed thereon, and the form image measurement 
is implemented. Then, the processing returns to step S54. 

15 In this way, by performing reception signal processing by 
using a dynamic filter, the reception frequency can be 
adjusted according to the depth of reception so that 
ultrasonic transmission/reception suitable for the form 
image acquirement can be performed. The processing in steps 

20 S54 to S56 can scan the form image 32 in the scanning 

direction 31 from the position B- start, and the form image 
32 to the position B-end can be acquired. 

In step S58, S-start is stored in the elasticity image 
acquiring position register to start elasticity image 

25 measurement since it is determined in previous step S52 that 



the current time is in the period of the elastic image 
acquiring time (S) . In step S59, whether the value of the 
elasticity image acquiring position register is S-end or not, 
that is, whether it indicates the last acquiring position of 
5 the elasticity image or not is determined. If the 

determination results in yes, the processing moves to step 
S5C where the acquirement of the elasticity image data ends. 
Then, the processing returns to step S51. If no, the 
processing moves to step S5A. In step S5A, the value of the 

10 elasticity image acquiring position register is incremented 
by 1. That is, the ultrasonic beam line address is shifted 
by one in the scanning direction. In step S5B, two-wave 
transmission and reception signal processing using a fixed 
filter are performed, for example, with an ultrasonic 

15 transmission signal for elasticity image measurement so that 
the elasticity image acquiring processing by elasticity 
image measurement can be implemented. Then, the processing 
returns to step S59. By performing the two-wave 
transmission, ultrasonic transmission suitable for 

20 elasticity image measurement is performed. By performing 
ultrasonic reception by using a fixed filter, ultrasonic 
transmission/reception suitable for elasticity image 
acquirement can be performed with a constant reception 
frequency. The processing in steps S59 to S5B scans the 

25 elasticity image 33 in the scanning direction 31 from the 
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position S-start, and the elasticity image 33 to the 
position S-end can be acquired. In the example in Fig, 3, 
an affected part 34 is displayed in the elasticity image 33. 
Upon completion of the acquirement of the elasticity image 
5 33, the determination in step S51 is performed again, and 

the processing for acquiring the form image 32 or elasticity 
image 33 is performed according to the result. When an 
operator releases (switches off) the switch 8, the 
processing is shifted to a processing operation in an 

10 independent measurement mode for acquiring a form image 
until the switch 8 is pressed again. 

The form image measurement and elasticity image 
measurement can be performed under each independent and 
proper ultrasonic transmission requirement since the 

15 transmission circuit system 2 includes, like the above- 
described embodiment, the transmission signal generating 
unit for generating an ultrasonic transmission signal for a 
form image and the transmission signal generating unit for 
generating an ultrasonic transmission signal for an 

20 elasticity image having a larger wave number than that of 
the ultrasonic transmission signal for a form image. As a 
result, ultrasonic images optimum for both form image and 
elasticity image can be re-constructed and displayed, and 
images suitable for a diagnosis can be provided to an 

25 operator. The image quality can be improved by selectively 
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controlling the form image measurement and elasticity image 
measurement in the period of the elasticity diagnosis mode. 

The quality of a form image can be further enhanced 
since the reception circuit system 3 includes and switches 
5 between a form image reception processing unit for 
processing with a dynamic filter having a filter 
characteristic (frequency characteristic) dependent on the 
depth of a reflection echo signal and an elasticity image 
reception processing unit for processing with a filter 

10 having a constant filter characteristic independent of the 
depth of a reflection echo signal. 

While the case that the signal strength of a reception 
signal relating to an elasticity image is increased by using 
an ultrasonic transmission signal with a higher wave number 

15 in acquiring elasticity image data has been described in the 
above-described first embodiment, ultrasonic transmission 
with a large amplitude may be used instead. Alternatively, 
an ultrasonic transmission signal with a low frequency (10 
MHz for form image measurement and 7.5 MHz for elasticity 

20 image measurement) may be used. Alternatively, a 

combination of an ultrasonic wave with a large wave number, 
an ultrasonic wave with a high amplitude and an ultrasonic 
wave having a low frequency may be used as required. That 
is , since the amount of displacement of a biological tissue 

25 is generally small, an ultrasonic wave with a larger 



amplitude or a larger wave number or an ultrasonic wave with 
a lower frequency than that of the ultrasonic wave for 
acquiring a form image is desirably used in order to 
increase the precision of the detection of a particularly 
5 hard part. Conversely, the measurement for acquiring a form 
image by an ultrasonic wave with a large amplitude results 
in an excessively large ultrasonic reception signal, or the 
measurement by an ultrasonic wave with a large wave number 
results in a decrease in distance resolution, 

10 Next, a second embodiment relating to control of an 

elasticity diagnosis mode to be performed by the measurement 
control section 9 will be described with reference to Figs. 
6 to 9 . Fig. 6 is a timing chart of an operation. Figs. 7 
to 9 are flowcharts illustrating details of the operation. 

15 Fig. 6 shows, like Fig. 4, changes in states of "switch (8) n , 
"ultrasonic scanning position", "transmission/reception 
sequence", "ultrasonic transmission wave number (s)" and 
"reception of ultrasonic waves" in order from the top of the 
figure. The horizontal axis indicates the number of times 

20 of scanning, and DF and FF indicate a dynamic filter and a 
fixed filter, respectively. The meaning of the other 
symbols is identical to those of Fig. 4. This embodiment is 
different from Fig. 4 in that the form image measurement and 
elasticity image measurement are selectively switched not 

25 for each image frame but for each ultrasonic beam. 



As shown in Fig. 6, during form image measurement B, an 
ultrasonic transmission signal with one wave number is 
output from the transmission circuit system 2, and reception 
processing is implemented by using a dynamic filter (DF) in 
5 the reception circuit system 3. On the other hand, during 
elasticity image measurement S, an ultrasonic transmission 
signal with two wave numbers is output from the transmission 
circuit system 2, and reception processing is implemented by 
using the fixed filter (FF) in the reception circuit system 

10 3. Thus, for the form image measurement and elasticity 
image measurement, transmission and reception processing 
optimum for the image processing thereof can be implemented. 

The measurement control section 9 repeatedly implements 
elasticity image measurement and form image measurement with 

15 different ultrasonic beam scanning positions in the 

elasticity image measurement S and form image measurement B. 
The elasticity image re-construction section 5 obtains an 
amount of displacement of a biological tissue by performing 
correlation processing on two reception signals having a 

20 time interval, which are obtained by the first and nth 
scanning in Fig. 6, obtains an elasticity ratio or 
elasticity distortion based on the obtained amount of 
displacement and re-constructs an elasticity image. When 
the measurement in the elasticity diagnosis mode ends based 

25 on a command from the switch 8, the measurement control 



section 9 controls to acquire form image data and to display 
a previously obtained and displayed elasticity image and the 
latest form image on the image display device 7 . 

Furthermore, the details will be described by following 
5 the flowcharts shown in Figs. 7 to 9 . When an operator 

presses and switches on the switch 8 of the ultrasonic probe 
1, ultrasonic scanning start processing in Fig. 7 is started. 
Then, in step S71, whether ultrasonic scanning has ended or 
not is determined. If not (no), the processing moves to 

10 step S72. If so (yes), the ultrasonic scanning processing 
ends immediately. 

In step S72, whether the value of the current scanning 
position register is the position equal to or higher than B- 
start and lower than S- start or not is determined. If yes, 

15 the processing moves to step S73. If no, the processing 
moves to next step S74. In step S73, a form image 
acquirement routine in Fig. 8 is implemented. The form 
image acquirement routine performs one-wave transmission, 
for example, with an ultrasonic transmission signal suitable 

20 for the form image measurement mode, performs reception 

signal processing by using a dynamic filter, implements form 
image acquirement processing in the form image measurement 
mode, increments the value of the scanning position register 
by 1 only and returns to step S71 in Fig. 7. The form image 

2 5 acquirement routine in step S73 is implemented to acquire 



form image data until the value of the scanning position 
register reaches S-start from B-start thereafter. 

In step S74, whether the value of the current scanning 
position register is the position equal to or higher than S- 
5 start and is equal to or lower than S-end or not is 

determined. If yes, the processing moves to step S75. If 
no, the processing moves to next step S76. In step S75, an 
elasticity image/form image acquirement routine in Fig. 9 is 
implemented. The elasticity image/form image acquirement 

10 routine repeatedly implements an operation including 

acquiring elasticity data, implementing acquirement of form 
image data after the acquirement, performs elasticity image 
scanning again after a predetermined interval. That is, 
compound measurement is implemented on the area of the form 

15 image 33 corresponding to a focus area by switching between 
the form image measurement mode and the elasticity image 
measurement mode for each ultrasonic beam line address. In 
the elasticity image/form image acquirement routine, two- 
wave transmission is performed, for example, with an 

20 ultrasonic transmission signal suitable for the elasticity 

image measurement, and processing of a reception signal uses 
a fixed filter. One-wave transmission is performed, for 
example, with an ultrasonic transmission signal suitable for 
the form image measurement, and processing of a reception 

25 signal implements processing using a dynamic filter. Next, 
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the value of the scanning position register is incremented 
by 1 only, and the processing returns to step S71 in Fig. 7. 
The elasticity image/form image acquirement routine in step 
S7 5 is implemented, and the scanning of a form image and the 
5 scanning of an elasticity image are alternately repeated to 
acquire the image until the value of the scanning position 
register reaches S-end from S-start thereafter. 

In step S76, whether the value of the current scanning 
position register is a position higher than S-end and equal 

10 to or lower than B-end or not is determined. If yes, the 

processing moves to step S77. If no, the processing returns 
to step S71. That is, after the elasticity image scanning 
to the position S-end ends, the form image data acquirement 
is repeated up to the position B-end. In step S77, a form 

15 image acquirement routine in Fig. 8 is implemented. The 
form image acquirement routine performs one-wave 
transmission, for example, with an ultrasonic transmission 
signal suitable for form image measurement, implements 
reception processing using a dynamic filter, increments the 

20 value of the scanning position register by 1 only and 

returns to step S71 in Fig. 7. The form image acquirement 
routine in step S77 is implemented to acquire the form image 
32 until the value of the scanning position register reaches 
S-start from S-end thereafter. 

2 5 Then, the form image data acquirement is performed from 
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B-start to B-end until an operator presses the switch 8 
again. When the operator presses the switch 8 again, the 
processing returns to the beginning, and a series of 
operations from the form image scanning from the position B- 
5 start is repeated. 

As described above, according to the second embodiment, 
the same advantages as those of the first embodiment can be 
obtained. 



